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DFWLYLW\LQGDLO\OLIHWKHUHIRUHVWXGLHVLQJDLWDQDO\VLVPD\EULQJEHQHILWVLQZDONLQJHIILFLHQF\WRDYRLGULVNRIIDOO
DQG WRDVVLVWSUDFWLWLRQHUV LQ WUDLQLQJRU UHKDELOLWDWLRQSURFHVV8VXDOO\JDLW DQDO\VLVZDVXVHG LQ UHFRJQL]H WKH
GHYLDWLRQVLQJDLWEHWZHHQJURXSVLQVWXG\7RZDUGVWKHDGYDQFHPHQWRIWKHWHFKQRORJLHVWKHJDLWDQDO\VLVFDQEH
HYDOXDWHGLQTXDQWLWDWLYHDQDO\VLVLQGLIIHUHQWLDWHWKHJURXSV
5HFHQWVWXGLHVKDGGLVFXVVHGLQGLIIHUHQFHRIJDLWSDWWHUQEHWZHHQJHQGHUV5HSRUWHGE\0LQHWDOWKHUHZDV
QR VLJQLILFDQW GLIIHUHQFH EHWZHHQ JHQGHU LQ FDGHQFH EXW IRXQG VLJQLILFDQW DW JUHDWHU PXVFOH DFWLYLW\ DW WLELDOLV
DQWHULRUKLJKHUDQNOHMRLQWPRWLRQDQGJUHDWHUYHUWLFDOJURXQGUHDFWLRQIRUFHGXULQJORDGLQJUHVSRQVHDQGSUHVZLQJ
SKDVHDVFRPSDUHGWRPDOHV&RQYHUVHO\'XVWLQHWDOIRXQGVLJQLILFDQWGLIIHUHQFHDWFDGHQFHZKHUHIHPDOHVWHQG
WRZDONIDVWHUWKDQPDOHV+HDGGHGWKDWIHPDOHVSHUIRUPHGJUHDWHUSHOYLFREOLTXLW\LQIURQWDOSODQHDQGJUHDWHUWRUVR
URWDWLRQLQWUDQVYHUVHSODQH$GGLWLRQDOO\WKLVVWXG\IRXQGVLJQLILFDQWGLIIHUHQFHDWKLSDQGDQNOHGXULQJZDONLQJIRU
ERWKJHQGHU
6WXG\LQJHQGHUGLIIHUHQFHLQROGHUSRSXODWLRQVKRZVWKDWZRPHQSHUIRUPHGKLJKHUFDGHQFHEXWVKRUWHULQVWULGH
OHQJWKDVFRPSDUHGWRPHQ2WKHUVWXG\WKDWXVHGROGHUSDUWLFLSDQWVFRQFOXGHWKDWVLJQLILFDQWEHWZHHQJHQGHUH[LVW
DWVDJLWWDOSODQHZKHUHZRPHQKDVOHVVKLSUDQJHRIPRWLRQEXWJUHDWHUDWDQNOHUDQJHRIPRWLRQDQGJUHDWHUUDQJHRI
PRWLRQDWIURQWDOSODQH'LIIHUHQWVWXG\LQUHODWLRQVKLSEHWZHHQDJHDQGJHQGHUFRQFOXGHWKDWWKHDJLQJSURFHVVPD\
DIIHFWJDLWIRUERWKJHQGHU'LIIHUHQWVWXG\E\6HXQJHWDOLQREHVLW\SHRSOHKDGVXJJHVWHGWKDWZHLJKWDOVRDIIHFW
WKHZDONLQJJDLWSDWWHUQ)URPWKHUHVXOWLWLVVKRZQWKDWWKHGLIIHUHQFHVH[LVWVDWVSDWLRWHPSRUDOUDQJHRIPRWLRQDW
ORZHUH[WUHPLW\MRLQWVDVZHOODVLQMRLQWPRPHQW
2QHRIWKHJDLWDSSOLFDWLRQVLVIRUUHKDELOLWDWLRQE\XVLQJURERW$VWXG\RIVWURNHSDWLHQWVIRUIORRUZDONLQJDQG
VWDLUFOLPELQJXSDQGGRZQZDVGRQHE\6WHIDQHWDO7KHVWXG\DLPVWRFRPSDUHWKHPXVFOHDFWLYDWLRQDWORZHUOLPE
RI KHPLSDUHWLF VXEMHFWV GXULQJ VLPXODWHG DQG ZLWKRXW VLPXODWHG RI JDLW URERW DQG KHQFH WR YDOLGDWH WKH JDLW
HIIHFWLYHQHVV DIWHU WUDLQLQJ 7KH WUDLQLQJ VKRZV LPSURYHPHQW RQ ORZHU OLPE PXVFOH DQG WKH HIILFLHQF\ RI WKH
PDFKLQH 6WXG\ XVLQJ URERWGULYHQ /RNRPDW IRXQG WKDW D WUHDWPHQW JURXS ZKR XQGHUJR /RNRPDW WUHDWPHQW
VLJQLILFDQWO\LQFUHDVHGWKHLUVLQJOHVWDQFHSKDVHRQWKHLUSDUHWLFOHJGXULQJZDONLQJ$GGLWLRQDOO\WKH/RNRPDWJURXS
KDG ORVW IDWPDVV DQG LQFUHDVH WKHLUPXVFOHPDVV GXULQJ WUDLQLQJ DV WKH WUHDWPHQW LV EDVHGRQZDONLQJ H[HUFLVH
5HSRUWHGE\<XHWDOUHVWULFWHGDQNOHUDQJHRIPRWLRQVRIWHQUHODWHGZLWKFKLOGUHQZKRKDGFHUHEUDOSDOV\&3<X
HWDOKDGFRQFOXGHGWKDWDFRPELQDWLRQRISDVVLYHWUHDWPHQWZLWKSRUWDEOHUHKDELOLWDWLRQURERWZLWKJDPHLQWHUIDFLQJ
KDGLPSURYHGWKHMRLQWELRPHFKDQLFDOPRWRUFRQWUROURXWLQHDQGIXQFWLRQDOFDSDELOLW\LQVWDELOLW\DQGPRYHPHQWIRU
&3FKLOGUHQ
3UHYLRXVVWXGLHVXVHGVWDWLVWLFDODQDO\VLVLQGLIIHUHQWLDWHWKHJDLWDQDO\VLVEHWZHHQJURXSV7KHPHDQFRPSDULVRQ
WWHVWKDGGRQHE\IRUWKHGLIIHUHQFHVEHWZHHQWZRJURXSVRQVRPHYDULDEOHVRILQWHUHVW7KH$129$WHVWEHHQ
REVHUYHGE\IRUWKHVLJQLILFDQFHRIJURXSGLIIHUHQFHVEHWZHHQJURXSV&RUUHODWLRQDQDO\VLVSHUIRUPHGE\LQ
RUGHU WRGHWHUPLQH WKH UHODWLRQVKLSEHWZHHQ WZRYDULDEOHV6WDWLVWLFDOPHWKRGV LVZLGHO\XVHG  LQJDLW VWXGLHVQRW
IRUJHWWLQJWKHDSSOLFDWLRQRILQWHOOLJHQWWHFKQLTXHVLQVLJQDODQGLPDJHSURFHVVLQJILHOGDEOHFDQEHXVHGLQFOLQLFDO
DUHDVDVLWPD\KHOSWKHSUDFWLWLRQHUVLQGLDJQRVHRUDVVHVVWKHDEQRUPDOLWLHVLQKXPDQPRYHPHQW
7KHDSSOLFDWLRQRI$11LQJDLWDQDO\VLVKDVEHHQGLVFXVVHGLQZKHUHLWFDQEHXVHGDVJDLWFODVVLILFDWLRQJDLW
PRGHOOLQJ DQG DV JDLW SUHGLFWLRQ 3UHYLRXVO\ %DUWRQ HW DO GLVWLQJXLVKHG WKH JDLW SDWWHUQ RQ KLSNQHH MRLQW DQJOH
GLDJUDP7KUHH FRQGLWLRQV RI JDLWV DVZHOO DV XQNQRZQJDLW SDWWHUQVZHUH IHG LQWR WKH QHWZRUN )URP WKH WHVWLQJ
UHVXOW WKH QHWZRUN DEOH WR GLIIHUHQWLDWH DERXW RI WKH DQJOH GLDJUDPZLWK WKH FRUUHFW DVVLJQPHQW FRQGLWLRQ
JLYHQ'LIIHUHQWVWXG\E\$PLQLDQHWDOZKRXVHGWKHQHXUDOQHWZRUNLQHVWLPDWLQJWKHVSHHGDQGOHYHORILQFOLQHG
GXULQJZDONLQJ9DULRXVOHYHORILQFOLQHGDQGVSHHGVZHUHSDUDPHWHUL]HGDQGWKHZDONLQJSDWWHUQZDVIHGLQWRWKH
QHWZRUNDVWKHLQSXW$VWKHUHVXOWWKHQHXUDOQHWZRUNDEOHWRSHUIRUPJRRGHVWLPDWLRQRIVSHHGDQGOHYHORILQFOLQHG
IRU DOO VXEMHFWV )URP DQ HOHFWURP\RJUDSK\ VWXG\ WKH DSSOLFDWLRQ RI QHXUDO QHWZRUN LV XVHG WR PDSSLQJ WKH
GLIIHUHQFHEHWZHHQWZRWUDQVIRUPDWLRQVRI(0*VLJQDOV7KHUHVXOWVKRZVWKDWWKHQHWZRUNDEOHWRGLIIHUHQWLDWHWKH
WZR VLJQDOVZKLFK LV IURP (0* WR MRLQW DQJOHV DQG IURP(0* WR MRLQWPRPHQWV IRU ELRPHGLFDOPRGHOOLQJ DQG
VLPXODWLRQ
$OWKRXJK$11 KDV DGYDQWDJHV LQ UHDO OLIH WKH QXPEHU RI GDWD PD\ OLPLW WKH WUDLQLQJ DQG WHVWLQJ SURFHVV LQ
QHWZRUN ,W LV IRXQG LQ WKH SUHYLRXV VWXGLHV WKDW WKH DGRSWLRQ RI V\QWKHWLF GDWD IURP WKH RULJLQDO GDWD DEOH WR
LQFUHDVH WKH DFFXUDF\ RI WKH QHWZRUN $GGLWLRQDOO\ WKH V\QWKHWLF GDWD LV XVHIXO IRU WKH FRVWO\ UHDO GDWD
FROOHFWLRQ7KH UDQGRPQRLVHVZHUH LQMHFWHG WR WKHRULJLQDO GDWD WRJHQHUDWH WKHQHZGDWD FDOOHG WKH V\QWKHWLF
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GDWD8VLQJrandnIXQFWLRQLQ0DWODEWKHQRUPDOGLVWULEXWHGUDQGRPQXPEHUVZHUHXVHGWRSURGXFHWKHQRLVHDQG
JHQHUDWHWKHGDWDZLWKWKHVDPHOHQJWKRUVFDODURIWKHRULJLQDOGDWD
3ULRUVWXGLHVKDGXVHG\RXQJDQGROGHUSRSXODWLRQRQJDLWVWXG\6RPHXVHGIRUKHDOWK\SDUWLFLSDQWV UHVW
FRQVLGHU IRU SDWKRORJ\ JDLW 1XPEHUV RI VWXG\ KDG IRFXVHG RQ JDLW DQDO\VLV IRU FKLOGUHQ LQ KHDOWK\
SDUWLFLSDQWVDQGSDWKRORJ\VWXGLHV+RZHYHURQO\DIHZVWXG\KDGGLVFXVVHGRQFKLOGUHQJDLWDQDO\VLV
EDVHGRQJHQGHUVZKLFKOLPLWWRWKHJDLWUHIHUHQFHVIRUIXWXUHVWXG\7KHDLPRIWKLVSDSHULVWRDSSO\WKH$11
IRUJHQGHU FODVVLILFDWLRQEDVHGRQ WKH VLJQLILFDQW UHVXOW IURPVWDWLVWLFDO DQDO\VLV7KLVSDSHUZDV RUJDQL]HG LQ WKH
IROORZLQJPDQQHUV6HFWLRQZLOOGLVFXVVWKHPHWKRGRORJ\DGRSWHGIRUWKLVVWXG\6HFWLRQZLOOSUHVHQWWKHUHVXOWV
DQGGLVFXVVLRQVREWDLQHGIURPWKHVWXG\DQG6HFWLRQLVWKHFRQFOXVLRQIRUWKLVVWXG\
0HWKRGRORJ\
7KLVVHFWLRQH[SODLQVPHWKRGRORJ\DGRSWHGLQWKLVVWXG\LQGHWDLOV,WLVGLYLGHGLQWRWZRVHFWLRQVZKHUHWKHILUVW
VHFWLRQGHVFULEHVWKHSURFHVVRIREWDLQLQJWKHNLQHPDWLFGDWDZKLOHVHFRQGVHFWLRQGLVFXVVHVDERXWWKHV\QWKHWLFGDWD
JHQHUDWLRQDQGWKHDSSOLFDWLRQRIWKH$11
2.1. Kinematic Data Preparation 
,QWKLVVHFWLRQWKHSURFHGXUHVIRUGDWDFROOHFWLRQDQGWKHDQDO\VLVWHFKQLTXHVZLOOEHH[SODLQHG.LQHPDWLFDQJOHV
GDWDDWORZHUOLPEKDYHEHHQFROOHFWHGXVLQJ9LFRQ1H[XVPRWLRQV\VWHPDQGDOOGDWDFROOHFWLRQKDYHEHHQFDUULHG
RXWDW+XPDQ0RWLRQDQG*DLW$QDO\VLV/DERUDWRU\8QLYHUVLWL7HNQRORJL0$5$8L706KDK$ODPKHDOWK\
FKLOGUHQFRQVLVWRIER\VDQGJLUOVZHUHSDUWLFLSDWHGLQWKLVVWXG\3DUHQWQHHGWRFRQILUPWKDWWKHLUFKLOGUHQGR
QRWKDYHDQ\GLVHDVHVWKDWFRXOGFRQWULEXWHWRWKHDGGLWLRQDOHIIHFWRQWKHLUERG\EDODQFHEHIRUHVLJQLQJWKHFRQVHQW
IRUP$GGLWLRQDOO\ DOO VXEMHFWVPXVWEHDEOH WRZDONZLWKRXW DQ\FDQHRUPHFKDQLFDO DLGGHYLFHGXULQJZDONLQJ
7KLVLVFDQHOLPLQDWHWKHLQIOXHQFHRIDLGGHYLFHRQWKHUHDGLQJZKLOHSHUIRUPLQJWKHH[SHULPHQW
,Q WKLVVWXG\HLJKW LQIUDUHGFDPHUDVDWVDPSOLQJUDWHRI+]DUHXVHGWR WUDFHWKHUHIOHFWLYHPDUNHUVGXULQJ
H[SHULPHQW%DVLFVXEMHFWSK\VLRORJLFDOGDWDVXFKDVDJH\HDUZHLJKWNJDQGKHLJKWFPDUHPHDVXUHGEHIRUH
WKH H[SHULPHQWV DUH FDUULHG RXW5HIOHFWLYHPDUNHUV DUH DGKHUHG WR WKH VXEMHFWV¶ VNLQ IRU WKH JDLW GDWD FROOHFWLRQ
6XEMHFWVZHUHDVNHGWRZDONDWWKHLUFRPIRUWDEOHSDFHZLWKWZRIRUFHSODWHVHPEHGGHGRQWKHZDONZD\7KHZDONLQJ
WDVNLVFDUULHGRXWIHZWLPHVXQWLOWKHH[SHULPHQWUHTXLUHPHQWVDUHPHW1H[WWKHGDWDIURPWKH9LFRQ1H[XVZDV
H[WUDFWHGIRUIXUWKHUDQDO\VLV
$QDWRPLFDOSODQHVZHUHXVHGDVUHIHUHQFHD[LVLQGHILQLQJWKHPRYHPHQWGXULQJZDONLQJ7KHDQDWRPLFDOSODQHV
DUHGLYLGHG LQWR WKUHHD[LVQDPHO\VDJLWWDO IURQWDODQG WUDQVYHUVHSODQHV)LJXUHVKRZVGLUHFWLRQVIRUKLSNQHH
DQNOHDQGSHOYLF LQDQDWRPLFDOSODQHV ,Q VDJLWWDOSODQH WKHDQJOHVREWDLQHGFRQVLVWRIKLS IOH[LRQDQGH[WHQVLRQ
NQHH IOH[LRQDQGH[WHQVLRQDQNOHGRUVLIOH[LRQDQGSODQWDU IOH[LRQDQGSHOYLFDQWHULRUDQGSRVWHULRU WLOW ,Q IURQWDO
SODQHWKHUHDUHDQJOHVRIKLSDGGXFWLRQDQGDEGXFWLRQNQHHDGGXFWLRQDQGDEGXFWLRQDQNOHLQYHUVLRQDQGHYHUVLRQ
DQGSHOYLFREOLTXLW\XSDQGGRZQ/DVWO\ LQ WUDQVYHUVHSODQH DQJOHV H[LVWV DUHKLS LQWHUQDO DQGH[WHUQDO URWDWLRQ
NQHHLQWHUQDODQGH[WHUQDOURWDWLRQDQNOHLQWHUQDODQGH[WHUQDOURWDWLRQDQGSHOYLFLQWHUQDODQGH[WHUQDOURWDWLRQ
7KH UDZGDWDZHUHSUHDQGSRVWSURFHVVHGZLWK WKH9LFRQVRIWZDUH WRH[WUDFW WKHJDLW IHDWXUHVNLQHPDWLFGDWD
IURPZDONLQJWULDOV7KHH[WUDFWHGNLQHPDWLFMRLQWDQJOHVGDWDZDVQRUPDOL]HGIURPWLPHEDVHGLQWRJDLWF\FOH
$FRPSOHWHRQHJDLWF\FOHLVGHWHUPLQHGZLWKWKHWZRRFFXUUHQFHVRIWKHVDPHIRRWVWULNHV)RUQXPHULFDODQDO\VLV
WKHPD[LPXPDQJOHVIURPHDFKRIWKHVHPRYHPHQWVZHUHXVHGDVJDLWIHDWXUHVLQFKLOGUHQJHQGHUFODVVLILFDWLRQHJ
PD[LPXPNQHHIOH[LRQPD[LPXPNQHHH[WHQVLRQPD[LPXPSHOYLFH[WHUQDOURWDWLRQHWF2QWRSRIWKDWWKHPHDQ
DQJOHIRUHDFKRIWKHMRLQWDWHDFKSODQHVZHUHLQFOXGHGDVJDLWIHDWXUHVHJVDJLWWDODQNOHPHDQDQJOHIURQWDOKLS
PHDQDQJOH WUDQVYHUVHNQHHDQJOHHWF$QJOHVRI IOH[LRQGRUVLIOH[LRQDQGDQWHULRU WLOWDUH WKHSRVLWLYHDQJOHV LQ
VDJLWWDOSODQH0HDQZKLOHLQIURQWDOSODQHDQJOHVRIDGGXFWLRQLQYHUVLRQDQGREOLTXLW\XSDUHWKHSRVLWLYHDQJOHV
$GGLWLRQDOO\ DQJOHV RI LQWHUQDO URWDWLRQ ZHUH WKH SRVLWLYH DQJOHV ZKLOH WKH UHVW RI WKH DQJOHV ZHUH WKH QHJDWLYH
DQJOHVDWDQDWRPLFDOSODQHV
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$OOWKHGDWDZDVLQVSHFWHGIRULWVQRUPDOGLVWULEXWLRQXVLQJJUDSKLFDODQGQXPHULFDODQDO\VLV7KHQRUPDOLW\WHVW
XVLQJ6KDSLUR:LONVLVREVHUYHGIRUJUDSKLFDODQDO\VLV7KHER[SORWIURPWKHQRUPDOLW\WHVWUHSUHVHQWWKHPD[LPXP
DQGPLQLPXPYDOXHVRIWKHGDWD+RZHYHUWKHUHDUHDFHUWDLQGDWDWKDWIDOORXWVLGHRIWKHUDQJHVH[WUHPHYDOXHV
DQGWKLVLVUHSUHVHQWDVWKHRXWOLHUVRIWKHGDWD7KHRXWOLHUVZDVWKHQUHPRYHGEHIRUHSURFHHGWRRWKHUDQDO\VLV,WLV
QRWHGWKDWLIRQHVXEMHFWKDYHDWOHDVWRQHRXWOLHULQRQHRIWKHJDLWIHDWXUHV WKHVXEMHFWGDWDLVH[FOXGHGIURPWKH
DQDO\VLV ,Q QXPHULFDO DQDO\VLV DQ LQGHSHQGHQW WWHVW ZLWK  RI FRQILGHQFH LQWHUYDO ZDV XVHG WR H[DPLQH WKH
JHQGHUGLIIHUHQFHVLQJDLWIHDWXUHVIRUNLQHPDWLFVSDUDPHWHUV7RWDORIJDLWIHDWXUHVZDVH[DPLQHGWRFKHFNWKH
VLJQLILFDQW JDLW IHDWXUHVEHWZHHQJHQGHUVE\ HYDOXDWLQJ WKHSYDOXHRI WKHJDLW IHDWXUHV ,Q LQGHSHQGHQW WWHVW WKH
VLJQLILFDQWSYDOXHLVREVHUYHGDWSYDOXHOHVVWKDQ)URPWKHWWHVWUHVXOWRQO\JDLWIHDWXUHVWKDWDUHREVHUYHG
KDYHSYDOXHOHVVWKDQZKLFKDUHPRVWVLJQLILFDQWSDUDPHWHUVWREHXVHGWRGHYHORSWKHFODVVLILFDWLRQPRGHOV
)LQDOO\WKHGDWDIRUPJDLWIHDWXUHVZDVWDNHQDQGDVWKHLQSXWRIWKH$11
2.2. Application of ANN 
7KH VLJQLILFDQW JDLW IHDWXUHVREWDLQHG IURP WKH VWDWLVWLFDO DQDO\VLV KDVEHHQ DGRSWHG DV WKH LQSXW IRU WKH$11
0HDQZKLOH WKH RXWSXW RI WKH$11ZDV  DQG ZKLFK LV WKH DFURQ\P RI  LV IRU ER\V DQG  LV IRU JLUOV 7KH
V\QWKHWLFGDWDLVJHQHUDWHGE\XVLQJQRUPDOO\GLVWULEXWHGUDQGRPQXPEHUVLQ0DWODEVRIWZDUH7KHRULJLQDOGDWD
ZHUHWKHQDGGHGZLWKWKHV\QWKHWLFGDWDKHQFHFUHDWHGWKHQHZGDWDLQRUGHUWRLPSURYHWKHSHUIRUPDQFHRIWKH$11
PRGHOOLQJ DQG FODVVLILFDWLRQ 7KHPLQLPXPPD[LPXP DQGPHDQ GDWD IRU ERWK RULJLQDO DQG V\QWKHWLF GDWDZHUH
SORWWHGDQGGLVFXVVHGLQWKHQH[WVHFWLRQ7KHIRUPXODIRUWKHV\QWKHWLFGDWD3V\QWKHWLFFDQEHH[SUHVVHGDVIROORZ

3V\QWKHWLF 3JDLWBIHDWXUHV3UDQGQ

ZKHUH 3JDLWBIHDWXUHV  LV WKH RULJLQDO JDLW IHDWXUHV GDWD IRU $11 LQSXW DQG RXWSXW GDWD DQG  3UDQGQ  LV WKH UDQGRP
*DXVVLDQQRLVHQXPEHU
7KHJDLWIHDWXUHVRILQSXWDQGRXWSXWGDWDZDVIHGWR$11FODVVLILFDWLRQWRWHVWWKHLUSHUIRUPDQFH7KHVWUXFWXUH
RI WKH QHWZRUN KDG EHHQ DGMXVWHG WR LPSURYH WKH FODVVLILFDWLRQ PRGHOV 7KH DGMXVWPHQW RI WKH $11 QHWZRUN
SDUDPHWHUVVXFKDVKLGGHQQHXURQDQGWUDLQLQJDOJRULWKPKDVEHHQPDGHWRLPSURYHWKHPRGHOVDFFXUDF\,WLVQRWHG
WKDW WKH KLGGHQ OD\HU OHDUQLQJ UDWH DQG WKH PRPHQWXP UDWH IRU WKLV WUDLQLQJ IRU WKLV QHWZRUN UHPDLQ FRQVWDQW
WKURXJKRXWWKHH[SHULPHQWZKLFKLVDQGUHVSHFWLYHO\7KHUDWLRRIGDWDZDVGLYLGHGIRUWUDLQLQJ
DQGWHVWLQJSXUSRVHVLQRUGHUWRGHYHORSWKHFODVVLILFDWLRQQHWZRUN)RUWKHFODVVLILFDWLRQSXUSRVHWKHWKUHVKROGZHUH
VHWIRUWKHRXWSXWRIWKH$11ZKHUHRXWSXWFODVVLILFDWLRQOHVVWKDQLVEHORQJWRJURXSDQGRXWSXWPRUHWKDQ
)LJ0RYHPHQWLQDQDWRPLFDOSODQHV
239 Nur Khalidah Zakaria et al. /  Procedia Computer Science  76 ( 2015 )  235 – 242 
EHORQJWRJURXS7KHSHUIRUPDQFHRIWKH$11FODVVLILFDWLRQPRGHOVDUHPHDVXUHGXVLQJPHDQVTXDUHHUURU
06(DFFXUDF\$&&VHQVLWLYLW\6(16VSHFLILFLW\63(&
5HVXOWDQG'LVFXVVLRQ
8SRQHOLPLQDWLRQRIWKHRXWOLHUVRQO\VXEMHFWVDUHVHOHFWHGIRUQH[WDQDO\VLVFRQVLVWVRIER\VDQGJLUOV
7KHPHDQDJHGIRUER\VDQGJLUOVLV\HDUVROGDQG\HDUVROGUHVSHFWLYHO\)URPWKHREVHUYDWLRQJLUOVKDYH
PRUHDPSOHSK\VLFDOERG\FRPSDUHGWRER\VVLQFHWKHPHDQRIKHLJKWLVFPDQGPHDQRIZHLJKWLVNJ
0HDQZKLOHER\VKDYHVPDOOHUSK\VLFDOERG\ZLWKPHDQRIFPIRUKHLJKWDQGNJRIZHLJKW
5HVXOWIURPWWHVWPHDQFRPSDULVRQVKRZVWKDWIURPWKHJDLWIHDWXUHVDVGLVFXVVHGLQ6HFWLRQRQO\JDLW
IHDWXUHVKDYHEHHQVHOHFWHGDVWKHLQSXWVIRUWKH$11FODVVLILFDWLRQZKLFKDUHPRVWVLJQLILFDQWSDUDPHWHUVWREHXVHG
WRGHYHORS WKHFODVVLILFDWLRQPRGHOV7KHVHOHFWHGJDLW IHDWXUHVZDV WKHPHDQRINQHHDQGNQHH IOH[LRQDW VDJLWWDO
SODQHPHDQRIKLSPHDQRIDQNOHDQGNQHHDEGXFWLRQDWIURQWDOSODQHDVZHOODVPHDQRIKLSPHDQRINQHHNQHH
H[WHUQDO URWDWLRQV IRU WUDQVYHUVH SODQH 8VLQJ (TXDWLRQ  ILYH UHSHWLWLRQV RI V\QWKHWLF GDWD DQG RULJLQDO JDLW
IHDWXUHVGDWDZDVJHQHUDWHGWRFUHDWHDWRWDORILQSXWRXWSXWGDWD
7DEOH0LQPHGLDQDQGPD[YDOXHVRIWKHJDLWIHDWXUHVRULJLQDOGDWD
*DLWIHDWXUHV , , , , , , , ,
0LQGHJ        
0HGLDQGHJ        
0D[GHJ        
7DEOH0LQPHGLDQDQGPD[YDOXHVRIWKHV\QWKHWLFGDWD
*DLWIHDWXUHV , , , , , , , ,
0LQGHJ        
0HGLDQGHJ        
0D[GHJ        

7DEOHDQG7DEOH VKRZPLQLPXPPHGLDQDQGPD[LPXPYDOXHVRIRULJLQDOJDLW IHDWXUHVGDWDDQGV\QWKHWLF
GDWD , LV WKHPHDQRI KLS DW IURQWDO ,PHDQRIKLS DW WUDQVYHUVH , NQHH IOH[LRQ DW VDJLWWDO ,PHDQRINQHH DW
VDJLWWDO,NQHHDEGXFWLRQDWIURQWDO,NQHHH[WHUQDOURWDWLRQDWWUDQVYHUVH,PHDQRINQHHDWWUDQVYHUVHDQG,PHDQ
RIDQNOHDWIURQWDO%DVHGRQWKHUHVXOWLQ7DEOHDQG7DEOHWKHYDOXHVIRUERWKGDWDVKRZDOPRVWVLPLODUWUHQGDQG
VXLWDEOHIRU$11DQDO\VLVDVWKHV\QWKHWLFGDWDSURGXFHGDOPRVWVLPLODUGDWDDVJDLWIHDWXUHVRULJLQDOGDWD
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)LJ6HOHFWLRQQXPEHURIKLGGHQQHXURQLQKLGGHQOD\HU
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)RU WKH$11FODVVLILFDWLRQD IHZDGMXVWPHQWRIQXPEHURIKLGGHQQHXURQVDQGGLIIHUHQW$11DOJRULWKPZDV
SHUIRUPHGLQRUGHUWRREWDLQWKHJRRGFODVVLILFDWLRQPRGHOV7KHUHDUHGLIIHUHQW$11DOJRULWKPVXVHGWRGHYHORS
FODVVLILFDWLRQ PRGHOV WR FODVVLI\ FKLOGUHQ JHQGHU IURP WKHLU JDLW IHDWXUHV ZKLFK LV 6FDOHG &RQMXJDWH *UDGLHQW
%DFNSURSDJDWLRQWUDLQLQJ6&*DQG5HVLOLHQW%DFNSURSDJDWLRQWUDLQLQJ536&*LVDWUDLQLQJDOJRULWKPLQQHXUDO
QHWZRUNWKDWXSGDWHVZHLJKWDQGELDVYDOXHVDFFRUGLQJWRVFDOHGFRQMXJDWHJUDGLHQWEDFNSURSDJDWLRQPHWKRGZKLOH
53 LV D WUDLQLQJ DOJRULWKP LQ QHXUDO QHWZRUN WKDW XSGDWHV ZHLJKW DQG ELDV YDOXHV DFFRUGLQJ WR WKH UHVLOLHQW
EDFNSURSDJDWLRQDOJRULWKPPHWKRG
)LJXUH  VKRZV06(YDOXH IRU LQFUHPHQW RI KLGGHQQHXURQV LQ KLGGHQ OD\HUV IRU  GLIIHUHQW$11DOJRULWKPV
XVLQJERWKRULJLQDODQGV\QWKHWLFGDWD7KHQXPEHURIKLGGHQQHXURQVZDVYDULHVIURPWRIRUDOO$11PRGHOV
$IWHU WKHQHWZRUNKDVEHHQH[HFXWHGKLGGHQQHXURQV LQKLGGHQ OD\HUZHUHFKRRVHDV LW VKRZV WKH ORZHVWPHDQ
VTXDUH HUURU IRU $116&* DQG $1153 7KH QH[W DQDO\VLV LV WR FKRRVH WKH EHVW WUDLQLQJ DOJRULWKP IRU WKH
FODVVLILFDWLRQPRGHO
7DEOH3HUIRUPDQFHRI$116&*DQG$1153IRUJHQGHUFODVVLILFDWLRQPRGHOV
7\SHVRIGDWD 3HUIRUPDQFHYDOXHRI$11DOJRULWKPV $116&* $1153
3JDLWBIHDWXUHV
06(  
$&&  
6(16  
63(&  
3V\QWKHWLF
06(  
$&&  
6(16  
63(&  

7DEOHVKRZVWKHSHUIRUPDQFHUHVXOWIRU$11FODVVLILFDWLRQPRGHOVIRU$116&*DQG$1153XVLQJRULJLQDO
GDWDDQGV\QWKHWLFGDWD)URPWKHWDEOH WKH06(YDOXHIRU$116&*DQG$1153GHYHORSHGXVLQJWKHRULJLQDO
JDLWIHDWXUHVGDWDDUHDQGUHVSHFWLYHO\7KHDFFXUDF\VHQVLWLYLW\DQGVSHFLILFLW\IRUWKHRULJLQDOGDWDDUH
  DQG  UHVSHFWLYHO\ IRU ERWK$116&* DQG$1153+RZHYHU DIWHU V\QWKHWLF GDWD RI JDLW
IHDWXUHV ZHUH DGGHG LQWR WKH QHWZRUN WKH SHUIRUPDQFH RI WKH QHWZRUN KDV EHHQ LQFUHDVHG 7KH06( YDOXH KDV
LPSURYHGIRUERWKPRGHOVZKLFKDUHDQGIRU$116&*DQG$1153UHVSHFWLYHO\$GGLWLRQDOO\ WKH
DFFXUDF\ VHQVLWLYLW\ DQG VSHFLILFLW\ IRU WKH V\QWKHWLF GDWD VKRZ VRPH LPSURYHPHQW ZLWK   DQG
UHVSHFWLYHO\ IRUERWKPRGHOV7KHSHUIRUPDQFH LV LQFUHDVHE\RIDFFXUDF\FRPSDUHG WR WKH$11
PRGHOGHYHORSHGXVLQJRULJLQDOGDWDIRUERWKPRGHOV%DVHGRQWKHUHVXOWDQ$116&*PRGHOZLWKWKHRIKLGGHQ
QHXURQVVKRZVORZHVW06(DVFRPSDUHGWR$1153PRGHOV7KHUHIRUHWKHEHVW$11DUFKLWHFWXUHIRUWKHJHQGHU
FODVVLILFDWLRQPRGHOLQWKLVVWXG\LVZKLFKLVLQSXWVKLGGHQOD\HUZLWKKLGGHQQHXURQVDQGRXWSXW
&RQFOXVLRQ
7KHDSSOLFDWLRQRI$11LQJHQGHUFODVVLILFDWLRQIRUFKLOGUHQKDVEHHQSUHVHQWHG LQ WKLVVWXG\5HVXOW IURPWKH
VWDWLVWLFDODQDO\VLVZDVDGRSWHGDVWKHLQSXWRIWKH$11FODVVLILHULQRUGHUWRFODVVLI\WKHJHQGHUEHWZHHQFKLOGUHQ
DJHGWR\HDUVROG7KHEHVWPRGHOIRUWKLVVWXG\LV$116&*PRGHOZLWKKLGGHQQHXURQVZLWKWKH
DFFXUDF\:LWKWKHLPSOHPHQWHGRIWKHV\QWKHWLFGDWD WKHFODVVLILFDWLRQQHWZRUNFDQEHVLJQLILFDQWO\LPSURYHGE\
DGMXVWLQJVHYHUDOFRQILJXUDWLRQVRIWKHQHWZRUNSDUDPHWHUVRUE\LQWURGXFLQJRWKHU$11DOJRULWKPV
$FNQRZOHGJHPHQWV
$Q DFNQRZOHGJHPHQW LV DFFRUGHG WR WKH0LQLVWU\ RI (GXFDWLRQ0DOD\VLD IRU WKH IXQGV UHFHLYHG WKURXJK WKH
1LFKH5HVHDUFK*UDQW6FKHPH15*63URMHFW ILOH50,15*6+XPDQ0RWLRQ*DLW$QDO\VLV
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/DE,50,3UHPLHU/DERUDWRU\8L706KDK$ODPDQGWRWKH5HVHDUFK0DQDJHPHQW,QVWLWXWH8L706KDK$ODPIRU
WKHDGGLWLRQDOIXQGVLQWKHIRUPRIWKH3ULQFLSDO,QYHVWLJDWRU6XSSRUW,QLWLDWLYHJUDQW
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